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Knowledge of charge transfer from heavy atoms 
of the first row in the periodic table in ion-atom 
collisions is needed in designing and operating controlled 
thermonuclear fusion devices based on confined hot 
plasma. They are also important in modeling the ionic 
structure of interstellar media. Steigman [1] suggested 
that the observed large disparity in abundance between C2+ 
and c+ ions in certain regions of the interstellar medium 
[2] might be due to rapid charge transfer reactions, i.e., 
c2+ + H(2s) ---> c+(2D) + H+ (1a) 
---> c+(2P) + H+. (1b) 
Butler et al. [3] studied radiative charge transfer 
processes below 100,000 K, and found that the rate 
coefficient shows a weak temperature dependence and 
varies from 1.58 x 10-14 cm3/s at 10. K to 2.44 x 10-14 
cm3/s at 100,000 K. Butler et al. [3] also calculated the 
capture cross section by using a quantum mechanical 
method to obtain the rate coefficient at temperatures 
below 5 x 104 K and found that the process is slow with 
a rate coefficient of the order of less than 10-11 cm3/s. 
Furthermore, there has been some experimental 
controversy as to the existence of a bound state of the 
CH2+ ion , and our high-precision ab initio calculations 
are expected to shed some light on this long-standing 
problem. The adiabatic potential curves of CH2+ are 
obtained by employing the ab initio multireference 
single- and double-excitation configuration interaction 
(MRD-CI) method. A semiclassical MO expansion 
method with a straight-line trajectory of the incident ion 
was employed to study the collision dynamics below 1 
keV. Wetzel et al. [4] performed experimental 
measurements, in combination with ab initio electronic 
structure calculations in order to examine the possibility 
of forming a bound state in CH2+ ions. Their attempt 
was designed to detect long-lived CH2+ in multiple 
electron impact ionization processes, but did not find any 
evidence for the existence of stable CH2+ ions. Their 
computation also supports the measurement suggesting 
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that all ground and excited states of the CH2+ ion are 
repulsive and hence, that no long-lived bound state exists. 
Our high-precision MRD-CI calculation also indicates 
that there is no minimum in the 1 2L:+ state of CH2+ at any 
R region. There is a minimum which is located at about 
R= 6.0 aa for the 2 2L:+ potential, however, with a depth of 
about 0.14 eV based on the present calculated potential. 
A few vibrational levels can be held by this potential 
well. The curve of the 2 2L:+ state ofCH2+ is found to be 
very flat in the region near the minimum and the lowest 
level lies only about 180 cm-1 higher. 
Our semiclassical calculations for capture cross 
sections show the overall trends in energy dependence 
which agree well with experiment, although the 
magnitude of the present cross sections are found to be 
larger for all energies; the difference increases with 
energy. By way of comparison, for example, the present 
calculation differs nearly by 50 %at the highest energy 
studied. At low energies, our result seems to tie in well 
with the quantum mechanical result of Butler et al, whose 
cross sections back up at much lower energy below 5 e V. 
The small structures seen in the intermediate energy 
region are due to a multichannel interference effect. 
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